Combining the basic ideas of supersymmetry as incorporated in supersymmetric quantum mechanics or SQM (here, in one dimension), on the one hand, and a q-deformation that has become very popular after the discovery of quantum algebras and especially their Schwinger-type realization through the qdeformed oscillator algebra of Biedenharn and Macfarlane [1, 2] , on the other hand, is important and potentially of much interest. Along this root, Spiridonov in Ref. [3] has proposed some rather general deformation of the supersymmetric (SUSY) quantum mechanics [4, 5] on the Hilbert space H of square integrable functions. As a result of the explicit definition of factorization operators realized in H, (at least) two new features appeared. First, the familiar SUSY algebra became a q-SUSY algebra, i.e., a q-deformed extension of the SUSY algebra. Second, due to a q-deformation of the SUSY algebra, the conventional degeneracy of the familiar SQM gets lifted. Namely, the whole spectrum of H + , the second of superpartner Hamiltonians, results from that of the first superpartner Hamiltonian H − (save its lowest state) merely by a definite scaling applied to its spectrum.
Here, we present a new version of the q-deformed supersymmetric quantum mechanics (q-SQM). Its construction is inspired by the TD-type q-deformed oscillator, which was introduced in [6, 7] and whose unusual properties were studied in [8] . The scaling operator T q is an important ingredient of our model. It is worth to note that T q appeared in Spiridonov's version of q-SQM in such special way that it drops from the bilinears AA † and A † A of raising/lowering operators. Unlike, in our version of q-SQM, the scaling operator T q is present, besides the q-supercharges, also both in AA † , A † A and in the q-SUSY Hamiltonian. An important property of our approach is that this formulation naturally leads to a non-Gaussian ground state when the superpotential is chosen as that corresponding to the q-superoscillator.
Similarly to [3] , we define the q-SUSY algebra and provide its explicit realization on the Hilbert space of square integrable functions. Is should be noted that, when a q-deformation is implanted in the SUSY quantum mechanics, there is no degeneracy (natural in standard SUSY models) anymore, both in our version and in previous Spiridonov's one. What concerns the latter one, however, we should stress that while one sequence of eigenvalues (corresponding to H − ) is in fact undeformed and coincides with the case of undeformed superoscillator, the second one (corresponding to H + ) deforms in such way that all its eigenvalues result from respective non-deformed eigenvalues of H − by a uniform q 2 -scaling. The raising and lowering operators in [3] entering the definition of supercharges as mentioned therein, to generate the q-oscillator algebra of Biedenharn and Macfarlane. The corresponding operators in our version of q-SQM obey a much more involved deformed oscillator algebra than that of Biedenharn and Macfarlane (and hardly known explicitly before). Moreover, we think the model given in [3] implies a more complicated (than BM case) q-oscillator algebra as well, while of course different from ours.
1. SUSYQM (SQM) and Spiridonov's version of q-deformed SQM 1.1. N = 2 supersymmetric quantum mechanics N = 2 SQM is defined by the superalgebra
with the energy of (nondegenerate in case of exact SUSY) ground state E vac ≥ 0 and twofold degenerate spectrum of excited states. The supercharges are conserved, as implied by their commuting with the Hamiltonian. Throughout the paper, it is understood
Recall that the standard representation of SQM is
The superpartner Hamiltonians H ± are isospectral, which follows from the intertwining relations
The choice W (x) = x corresponds to the harmonic oscillator problem with standard bosonic algebra
Properties of q-scaling operator
Here and in our main exposition below, we will use like in [3] an important tool of deformed SQM, namely the q-scaling operator T q . Though its presence in our resulting formulas will be somewhat unconventional, this will cause no problems since its action on functions is well defined. So, the q-scaling operator T q is defined on smooth functions as
where q ∈ R, and q ≥ 1 or 0 < q ≤ 1.
The list of its main properties reads
Note that the operator √ q T q is unitary, and the op-
is Hermitian. The explicit realization of T q as a pseudo-differential operator is
Obviously, T q x = qx and T q x m = q m x m for any integer m.
Spiridonov's q-deformation of SQM: defining relations
This deformation is realized by inserting T q after the factorization operator A
From their products (index q is dropped here and below)
one can get the q-deformed Hamiltonian and supercharges as
1.4. Spiridonov's q-deformation of SQM: algebra of q-supersymmetry
where the commutators and anticommutators are now replaced by the corresponding q-brackets:
As we see, the supercharges are not conserved. The intertwining relations for the Hamiltonians H ± encoded in (11) obviously change:
This implies that H − and H + (without the lowest state of H − ) are not isospectral to each other, but rather q-isospectral: the spectrum of H + results from the spectrum of H − (without its lowest state) by applying the uniform q 2 -scaling, that is,
Special case of q-supersymmetric oscillator
Consider the simplest physical example of a q-superoscillator, for which the superpotential is W (x) = −x (or W (x) = x). In that case, we have
that yields the anticommutator and the commutator
along with such versions of q-commutators:
The Hamiltonian of this q-superoscillator takes the form (with I 2 being a 2×2 unit matrix)
It describes a spin-1/2 particle in the harmonic potential and with transverse magnetic field. Remark. It is important to note that the spectrum (it is obviously equidistant) of the superpartner Hamiltonian H − coincides, up to an overall multiplier q −1 , with that of the corresponding superpartner Hamiltonian in the usual (non-deformed) SUSY quantum mechanics (see, e.g., [5] ).
Let us comment on the physical meaning of the deformation parameter q: it plays a role of some additional interaction constant. Note also that this model possesses the exact q-deformed SUSY. As mentioned in [3] , for the value of q 2 being a simple rational number, the spectrum of the q-superoscillator shows an accidental degeneracy.
New version of q-SQM inspired by the Tamm-Dankoff deformation

Tamm-Dankoff (TD) deformed oscillator
The "Tamm-Dankoff cutoff" deformed oscillator is given in terms of a q-bracket of the TD type:
with the algebra (denote a ≡ a − and a
N being the number operator, and the Hamiltonian
The energy spectrum of this TD-type q-deformed oscillator,
is very special. As noticed in [8] , the TD-type qdeformed oscillator shows various patterns of the accidental pairwise energy level degeneracy, always within a definite single pair of levels. Below, we will study the q-deformation of SUSY QM in the spirit of the TD-type q-deformation,
that is, we will merely adopt the replacement of the momentum operator just as it is indicated here.
Tamm-Dankoff type q-deformed SQM
We start by introducing a q-deformation in the momentum part of undeformed factorization operators A and A † :
Then,
Setting B † B ≡ H − and BB † ≡ H + we come to the q-deformed algebra for H, Q, Q † (see also Eq. (11)):
As seen, the supercharges in our model are not conserved as well.
Tamm-Dankoff type deformation: q-deformed supersymmetric oscillator
We consider a q-supersymmetric oscillator with the superpotential W (x) = −x. In this case,
where X ≡ x·. Now (16)- (17) turn into
From these, different versions of the permutation relation involving different (q-)commutators result:
Here we observe the following: -if we use a usual commutator, the dependence on X 2 drops on the r.h.s.; -if we use the q-commutator qAB − q −1 BA, the dependence onp 2 drops on the r.h.s.; -if we use the q-commutator AB − qBA, the terms with iXp cancel out. As a check of consistency, we verify: in the limit q → 1, each of these relations turns into the standard commutation relation [B, B † ] = 1 for the boson operators B and B † .
TD-type deformation: relation with deformed Heisenberg algebra
We wish to find explicitly the relation of our deformed oscillator algebra with some version of the deformed Heisenberg algebra, say along the lines described in [12] . For this, we solve Eq. (19) for X and P in terms of the operators B, B † (and also T q , T q −1 ):
To check once more the Hermiticity of X, it is better to use another formula for X stemming from (19):
Now the Hermiticity follows from the skewHermiticity of B † − B and skew-Hermiticity of the product operator P (T q − T q −1 ). Likewise, the Hermiticity of P stems, see (20) , from that of B + B † and the fact that the product P (T q + T q −1 ) is Hermitian.
The operators P and X can be expressed through q-or q −1 -commutators of the operators B and T
−1 q
as follows:
we have yet another formulas for X:
From these expressions after some algebra, we obtain (note that [X, P ] = i) is intact:
That implies the validity of two identities:
On the other hand, we can deduce a q-deformed extension of Heisenberg algebra for the pair of operators X andP = T q P = q −1 P T q , which is
If we compare (23) with the known deformations of the Heisenberg algebra, e.g., those from [9] , we notice the presence of a q-scaling operator T q times iq −1 and of the bilinearP X multiplied by 1 − q.
Written through the q-commutator, it takes another simpler though equivalent form
Clearly, in the limit q → 1, the r.h.s. of both (23) and (24) turns into familiar "i".
Ground state of TD-type q-superoscillator
Let us find the ground state (zero mode) for the ladder operators B and B † , namely,
These turn into recurrence relations for the expansion coefficients (28)
Here, C 0 andC 0 are arbitrary constants depending on the deformation parameter q, with the obvious property {C 0 ,C 0 } q→1 − −− → 1 in order to recover the undeformed case. From these two functions, only f (x) at q → 1 recovers the ground state of standard supersymmetric oscillator. Moreover, the functionf (x) in (28) is not square integrable. Thus, we find
We have obtained the unique, i.e. non-degenerate, ground state as the (non-Gaussian) eigenfunction of B − and hence of H − . Below, it will be shown that this non-Gaussian wave function naturally takes the form of a specially introduced TD-type q-deformed Gaussian exponent.
Elements of TD-analysis
We will need some more elements of TD-analysis. First, let us introduce the q-number of the TammDankoff type
(n] q ≡ nq n−1 .
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